Background: Though the dysfunction of central dopaminergic system has been proposed, the etiology or pathogenesis of schizophrenia is still uncertain partly due to limited accessibility to dopamine receptor. The purpose of this study was to define whether or not the easily accessible dopamine receptors of peripheral lymphocytes can be the peripheral markers of schizophrenia.
dopamine system is related to schizophrenia, but there is little direct evidence for the "dopamine hypothesis in schizophrenia". Recent progress in molecular biology and imaging techniques has enabled new insight for schizophrenia research, but these methods are still limited by their availability and often reveal inconsistent results. The "dopamine hypothesis" is largely based on pharmacological manipulation of the dopamine system, either by mimicking [1, 2] or reducing the symptoms of schizophrenia [3] . However changes in the dopamine system are influenced not only by dopamine itself, but also by dopamine receptors. Therefore, to elucidate the exact changes in the dopamine system researches about the relationship between dopamine and dopamine receptors are needed.
In the early 1980s, Le Fur reported the existence of high affinity binding sites for [
3 H]spiroperidol in lymphocyte of peripheral blood [4] , but there has been long debate as to whether these sites are true dopamine receptors or nonspecific binding sites. Recent progress in molecular biology reveals the existence of mRNA of D3, D4, D5 dopamine receptors in peripheral lymphocytes, thereby suggesting that the binding sites for [
3 H]spiroperidol in peripheral lymphocytes may be true dopamine receptors [5, 6, 7] . However, the clinical significance of these findings, and whether or not these receptors reflect central dopamine receptors remains uncertain.
The purposes of this study were to examine if the mRNA of peripheral dopamine receptor is statically or dynamically changed in schizophrenia, and whether or not these receptors have some value as a potential peripheral marker reflecting central one in schizophrenia.
Materials and methods

Subjects
The total number of subjects was 87 schizophrenic patients. 44 of them were chronic schizophrenics who had been taking antipsychotic drugs for more than 3 years (drug-med patients), 28 were drug-free schizophrenics who had not taken antipsychotic drugs for more than 3 months (drug-free patients), and 15 were drug-naïve schizophrenics who had never taken antipsychotic drugs (drug-naïve patients). For the controls, age and sex matched 31 healthy persons were enrolled. All patients fulfilled the DSM-IV criteria and the patients with a previous history of neurologic, neuropsychologic, medical, and surgical disease were excluded. The demographic data of subjects were shown at the Table 1 .
Methods
Study design
Before taking antipsychotics, clinical scale and the amount of dopamine receptor mRNA were checked in the group of schizophrenics and the amount of dopamine receptor mRNA was checked in controls. At 2nd week and 8th week after taking antipsychotics, the the amount of dopamine receptor mRNA were re-checked in drugfree and drug-naïve patients.
To assess the psychiatric pathology of patients, the Brief Psychiatric Rating Scale (BPRS) was adopted [8] and Extrapyramidal Symptom Rating Scale (ESRS) was used to assess the drug side effects [9] . 3) oligonucleotide primer used for PCR amplification
The oligonucleotid primers used for PCR amplification of D3 dompamine receptor (D3R), D5 dopamine receptor (D5R), beta-actin (βA) as internal controls, and mutant template for competition of each products as external control were synthesized using a nucleotide synthesizer. Their sequences were shown at the tal PCR cycle was 37. PCR for βA was carried out for 27 cycles and each cycle was consisted of denaturation at 94°C for 30 seconds, annealing at 59°C for 30 seconds, and extention at 72°C for 1 minute. For quantitative analysis, each 10 µl of PCR products were examined by electrophoresis on 1.5% agarose gel containing 0.5 µg/ml ethidium bromide, and optical density was quantitated by using densitometric scanning imaging system (CSC; chemicoluminence detection module 1.0 and TINA 2.0 program, Raytest, Belmont, CA, USA). Let the logarithmic value of concentration of D3 mutant template at x axis and logarithmic value of mutant-product ratio (optical density of D3R mutant template / optical density of D3R) at y axis, then regression equation was done. Same procedure was done for D5R and βA. Quantitative analysis of each sample was done if the coefficient value was more than 0.9. Expected concentration value of D3R, D5R, βA was the X value of 0 point in the Y axis ( Figure  1 , Figure 2 ). To confirm reliability of these methods, concentration of D3R was plotted on a semilogarthmic scale against the amount of cDNA and checked whether this curve was in linear relation. To confirm reproducibility, random samples of 14 patients were checked twice, and the results were compared with each other.
Statistical test
Statistical determinations were performed by using a statistical program (SPSS version 8.0). Mann-Whitney test, independent T-test, Chi-square test, Pearson correlation, multiple regression analysis. One-way ANOVA test, and repeated measure of ANOVA were chosen.
Results
Test for sensitivity and reproducibility of methodology
To confirm sensitivity and reproducibility, the D3R, D5R, βA products amplified by RT-PCR technique were electrophoresed on 1.5% agarose gels, and the OD was plotted on the X axis against the amount of cDNA used in PCR on the Y axis. This curve was linear ( Figure 3 ).
Concentrations of D3R randomly sampled in 14 patients were checked twice by the same technique for reproducibility. The results were statistically identical (Cronbach's alpha is 0.92). Therefore, RT-PCR was reliable tool for quantitation of mRNA. Quantitation of dopamine receptor mRNA among study groups 1) Analysis of factors for quatitation of D3R/βA, D5R/βA Multiple regression was done to confirm whether gender, age in normal healthy controls, and the symptom onset, prevalence period, dosage of antipsychotics, BPRS score in drug-med patients were influential factors. All the factors were not statistically significant. (Table 3) .
2) Comparison of D3R/βA, D5R/βA among study groups before taking antipsychotics D3R mRNA expression of peripheral lymphocytes was significantly increased in drug-free patients, compared to controls and drug-med patients. There was no difference between controls and drug-med patients. A few drug-naïve patients also revealed increased D3R and D5R mRNA expression, but without statistical significance compared to controls (Figure 4 , Figure 5 , Table 4 ).
The D5R/βA ratio was significantly elevated between drug-free patients and drug-med patients, but there was no statistical difference between drug-free patients and normal controls ( Figure 5 ).
3) The relationship between D3R/βA, D5R/βA and drug free duration in drug-free patients To analyze the relationship between elevated dopamine receptor mRNA and the drug-free duration in drug-free patients, the D3R/βA, D5R/βA ratio was plotted against the drug-free duration. Statistical test showed no significant difference between D3R/βA, D5R/βA ratio and drug-free duration ( Figure 6, Figure 7 ).
4) Relationship between amount of D3R/βA and clinical profile
According to the amount of D3R/βA, the drug-free and drug-naïve patients were divided into two groups. The high dopamine receptor group had higher D3R/βA ratio than that of normal controls (more than 2 standard deviation), while other patients were classified in the normal dopamine receptor group. The two groups were compared with BPRS scale and ESRS scale. 10 of 28 drugfree patients, and 3 of 15 naïve patients were included in the high dopamine receptor group. The patients of the high dopamine receptor group had statistically significant high BPRS compared to the patients in the normal dopamine receptor group, but there was no difference between the two group in ESRS (Table 5 ). 
Figure 4
D3R/βA mRNA among study groups. In drug-free patients, D3R/βA was higher than that of normal or on-med patients. There was no difference between normal and onmed patients
5) Change of dopmaine receptor mRNA after antipsycotics
After taking antipsychotics, dopamine receptor mRNA peaked at 2nd week, after which it decreased, but the level of this was above baseline one at 8th week (Table 6 ).
Discussion
Dopamine and Dopaminergic neurons are localized in certain parts of the central nervous system and involved in the pathophysiology of schizophrenia. However, there is no direct evidence of dysfunction of brain dopaminergic systems in schizophrenic patients because no pathognomic change in the dopaminergic system has been found at autopsy and the direct assessment of brain dopaminergic systems in vivo is almost impossible at present. In addition, abnormal function of the dopamine system results not only from the dopamiergic neuron, but from dopamine receptors and these dopamine receptors can be changed secondly by dopamine. Therefore, the importance of the physiological and pathological roles of dopamine receptors is emerging.
Recent progress in molecular biology has revealed 5 distinct subtypes of dopamine receptors, and their structure and physiological functions have been identified. Owing to this advance, receptors other than D2 dopamine receptors, which is traditionally considered to be important in pathophysiology of schizophrenia, have been issued in relation to schizophrenia [10, 11, 12] . Among these other dopamine receptors, the D3 dopamine receptor is primarily localized in the limbic area, has a high affinity for antipsychotics, and it has been found to be elevated in postmortem study of schizophrenic patients [13] . As a result, the D3 dopamine receptor is considered to be important in the pathophysiology of schizophrenia. Therefore, the notion that the effect of antipsychotic medication is more closely related to D3 dopamine receptors, while extrapyramidal drug side effects are related to the D2 dopamine receptor, is one of the modified dopamine hypotheses [14, 15] .
The D5 dopamine receptor, belongs to the Dl dopamine receptor subfamily, has a similar nucleotide sequence to the Dl receptor [16] , and a high affinity for dopamine more than the Dl dopamine receptor [17] . The D5 dopamine receptor, which is sparse in area of the Dl dopamine receptor, is mainly localized in the hippocampus, thalamus, and its physiological role is still uncertain [18] . However, some report suggest that the Dl dopamine receptor may be related in negative symptom [19, 20] and the fact that the D5 dopamine receptor in the prefrontal cortex is down-regulated by antipsychotics in animal experiment [21] may suggest that the D5 dopamine receptor is also related to schizophrenia.
Nigrostriatal and mesolimbic dopaminergic pathways are major dopaminergic systems in the brain. D3 dopamine receptor has a high affinity for dopamine [22] , and is preferentially localized in mesolimbic dopamine system, and it projects to the ventral striatum. This receptor is considered to have a major role in cognition and 
Figure 5
D5R/βA mRNA among study groups. There were similar findings with figure 3, but there is no significant difference among groups.
emotion [23] . Therefore, changes of D3 dopamine receptors mediate the changes in the striato-pallidal-thalamocortical limbic loop, and these changes are considered to be involved in the symptoms and pathophysiology of schizophrenia [24] . While the nigrostriatal system and D2 dopamine receptors have a major role in pathophysiology in Parkinson's disease, the mesolimbic system and D3 dopamine receptor may be more involved in the pharmacological responsiveness and pathophysiology of schizophrenia.
A major limitation of the dopamine hypothesis in schizophrenia is that there are no suitable in vivo methods for direct assessment of functional changes of the dopamine system in the brain. Though positron emission tomography (PET) can assess D2 dopamine receptors in striatum [25] , PET has limited usability other than striatum, and limbic area and cortex related to schizophrenia is difficult to assess by PET. To assess the changes in dopamine receptors, an easily accessible peripheral marker is needed, and the dopamine receptor of peripheral lymphocyte may be a possible candidate. However, small quantity of mRNA of dopamine receptors in the peripheral lymphocyte is a major limitation to research assessing clinical significance. Methods to quantitate gene expression are Northern blot, RNase protection assay, in situ hybridization, and RT-PCR. Though Northern blot and RNase protection assay are classical tools, the more sensitive RT-PCR is useful in detecting small quantities. In RT-PCR, as the reaction cycle increases, product is exponentially increased. While this exponential increase causes high sensitivity, if not adequately controlled, the initial amount is not precisely assessed. To solve this problem, PCR is done with a primer for a non-competitive endogenous target (βA) as an internal control (multiplex PCR) or with competitive external strands as an external control. For a more accurate assessment, each βA, D3, D5 was quantitated by the addition of a competitive external strand, then the dopamine receptor/βA ratio was done. Since all dopamine receptors and most other receptors related to the G-protein have a similar structure, designing a sensitive and specific primer is critical in performing quantitative RT-PCR. The D3 dopamine receptor especially has a splicing variant without physiological function [6] . Therefore, a sensitive and specific primer for quantitation of the intact form of D3 dopamine receptors is important.
Considering the changes in dopamine receptors after taking antipsychotics, these receptors may have a physiological role, but the relationship between peripheral and central dopamine receptors is still uncertain. In animal experiment, Shenkman concluded that cholinergic muscarine receptors in peripheral lymphocytes are useful markers for cholinergic muscarine bindings in the brain [26] . Dopamine receptors and cholinergic muscarine receptors are all typical G-protein related receptors, and there was a report that D3 mRNA in lymphocyte is decreased in Parkinson's disease, and that the degree of decrease was correlated with the severity of this disease [27] . Considering all the above findings, dopamine receptors in peripheral lymphocyte can be a peripheral marker of central nervous system dopamine receptors. However, there are various expressions of subtypes of dopamine receptors and these show various responses to antipsychotics according to the anatomic substrate in the central nervous system [13, 28] . D3 dopamine receptors in lymphocytes can reflect particular anatomy in the brain, not merely the whole brain, and considering the previous result from a report on D3
Figure 6
Relationship between D3R/βA and drug-free duration in drug-free patients. To analyze the cause of high dopamine receptor in drug-free patients, the relationship between D3R/βA and drug-free duration is shown. Though negative correlation may be suggested, it was not statistically significant.
Figure 7
Relationship between D5R/βA and drug-free duration in drug-free patients. In D5R/βA, similar findings were shown with D3R/βA. dopamine receptor [13] and a dense population of D3 receptor in the limbic striatum, limbic striatum may be a plausible corresponding site.
In this study, D3 dopamine receptor mRNA was increased in drug-free patients compared to drug-med patients and controls, while somewhat lower levels of D3 dopamine receptor mRNA were found in chronically medicated patients compared to normal controls before taking antipsychotics. The fact that D3 dopamine receptor mRNA is elevated in medicated schizophrenic patients produced similar findings to the report of Gureivch (1997). But after taking antipsychotics, dopamine receptor mRNA peaked at 2nd week, while at 8th week dopamine receptor mRNA had decreased, though the level was still found to be above normal controls. Though long term follow up was not done, considering that dopamine receptor mRNA decreased in chronically medicated patients, dopamine receptor mRNA might decrease to lower levels than that of the control patients.
The difference between drug-free patients and naïve patients is interesting. While dopamine receptor mRNA in drug-free patients is higher than in normal controls, the level of drug-naïve patients, though it increased, is not a statistically higher one. This may be interpreted in two ways:
First, the residual drug effect of antipsychotics due to a short withdrawal period may influence drug-free patients. We analyzed it by correlation with drug withdrawal periods and dopamine receptor mRNA in drug-free patients. The coefficient value is not statistically significant. It is not exactly known how rapidly D2-like receptors return to normal after neuroleptic treatment, but PET study showed that there is no residual increase of dopamine receptor in striatum within a month period of drug withdrawal [29] . Therefore this assumption may be less possible.
Second, there is the possibility of in-born elevation of lymphocyte dopamine receptors in certain schizophrenic patients and the possibility of subgrouping of schizophrenia. To elucidate this possibility, we analyzed drugfree and drug-naïve patients in two groups according to levels of dopamine receptors and compared these two groups with their clinical character. The patients in the high dopamine receptor group had statistically significant high BPRS compared to that of patients in the normal dopamine receptor group. But there was no difference between the two group in ESRS before taking antipsychotics (Table 5 ). There has been a long debate about the subgrouping of schizophrenia [30] and the lack of biological markers for this hypothesis is a major limitation. The peripheral dopamine receptor may be a possible candidate for this hypothesis. But due to the small number of study groups, and the limitations of other confounding factors, somewhat cautious conclusions are needed.
We believe a latter interpretation is more plausible but stricter and more prudent prospective study design is necessary before reaching more convincing conclusions. This study indicated that dopamine receptors in peripheral lymphocytes are elevated in certain populations of schizophrenic patients compared to controls before taking antipsychotics, and dynamically changed after taking antipsychotics. Therefore dopamine receptor in peripheral lymphocyte may be an easily accessible candidate for a biological marker and studying a pharmacodynamic study in a future.
Conclusion
This study reveals that the molecular biologically-determined dopamine receptors of peripheral lymphocytes are reactive after taking antipsychotics, and that increased expression of dopamine receptor in peripheral lymphocyte has possible clinical significance for subgrouping of schizophrenis.
